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SENSITIVITY OF LEAD AZIDE TO ELECTRIC SPARK

V. V. STEN'GACH
(Moscow)

At present, a number of research works on the sensitivity of explosives
to thermal pulses, shocks, pricks, friction, to the action of shock waves,
initiators and to other types of pulses are known. Relations between the
sensitivity of explosives and various factors have been established and
investigations on the excitation and explosion development mechanism have
been carried out [I - 12:1 Investigations on the sensitivity of priming
and secondary explosives to electric spark were carried out in the recent

The results of investigations on the sensitivity of lead azide to ele-
tric spark are outlined in this article. Experimental data on the dependence
of the sensitivity of lead azide to spark discharge on various factors (den-
sity, crystal size, distance between electrodes, temperature, presence of
inert admixtures) and views on the mechanism of spark triggering are given.

Lead azide, unflegmatized (GOST 1905-57) as well as flegmatized by
paraffin, was used in the experiments. It was pressed in a chamber with a
spark gap, formed by two steel electrodes (Fig. 1). The average density
of lead azide in the chamber was varied from 1.1 to 27 g/cm and the dis-
tance between electrodes, from 0.02 to 0.5 mm.

Fig. 1. Specimen.
1 - Plastic coating;
2 - Explosive material; ~
3 - Electrode. [ .

Sensitivity of an explosive material to electric spark can be charac-
terized by the amount of energy required for triggering the explosion. The
higher the energy, the lower will be the sensitivity of the explosive mat-
erial. The electric circuit, used for measuring this energy, is shown in
Fig. 2. During the experiment, capacitor C1 was charged to the required
voltage through resistances R, and R9 and specimen resistance R0 (C2 >>Cl).
On supplying a voltage pulse to the Incendiary electrode of the triple-
electrode v.clay P, it operated, one of the specimen electrodes got connected
to the "gro•'nd", a potential difference appeared in between th: specimen elec-
trodes and the specimen sparked-over, the capacitance C1 discharged through
spark gap of the specimen and energy was liberated. If the amount of energy
was sufficient for triggering lead azide, the spark-over was accompanied by
an explosion.

Trigger energy of the explosive was calculated from the formula

Q2 2(Cl -Co)

(1)
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and was slightly increased (but not much) since, firstly, resistance of air
to spark was neglected as compared to the resistance of specimen spark gap

* iand secondly, since arc was formed in the relay due to capacitances of the
kilovoltmeter, relay and feeder C3 .
Oscillograph plates (O.,P.) were con-
nected to capacitance C through
resistance R3 for recorging spark- C 1, " ' -
over of the specimen. Oscillograph
trigger was synchronized with the I
supply of voltage pulse to the incen- 01 T Itsdiary electrode of the relay P. When
the relay closed, voltage between Ii
capacitances C., C1 and C2 was redis-
tributed differently depending upon . ,

* the presence or absence of spark-over
in the specimen. Onset of the spark- Fig. 2. Electric circuit for
over could be ascertained from the measuring trigger energy of an
shape of the oscillogram (Fig. 3) explos ve by spark d scharge.

Rl= 10 ohm, Rt -10 ohm, R3
Energy required for triggering 50 ohm, R0 = 18-4108 ohm, C0

50% specimens was taken as the measure 0.2-1 micromicrofarad, C, = var,
of sensitivity. The dependence of the C2 = var, C3  30 micromlcrofarad.
frequency of explosions on energy as
well as the dependence of triggering
of 50% specimens on a certain factor
(density, temperature, etc.) was
studied.

EFFECT OF VARIOUS FACTORS. Sensitivity of lead azideto spark increases
with an increase in density (Figs. 4 and 5). Experiments conducted on three
lead azide precipitates with different crystal sizes, show that the sensiti-
vity of lead azide to spark discharge decreases on increasing crystal size
(Table 1). Frequency of explosions due to an energy of about 30 erg (distance
between electrodes - 0.16 im) decreases with an increase in crystal size.
Crystal size was determined by means of microphotography.

I *
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Fig. 3. Oscillograms. a) without spark-over;
b) in the case of spark-over.
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The results of the effect of the distance 1 between electrodes (it
was Naried from 0.02 to 0.5 mm) on Q at average lead azide density of 2.7
g/cm , are shown in Fig. 6 and it is obvious from the Fig. that the energy
increases, to the first approximation, according to a linear law on increa-
sing the distance 1 between electrodes. On raising the temperature of
lead azide, its sensitivity to spark discharge increases (Fig. 7).

EFFECT OF ADMIXTURES. The results TABLE 1
obtained on measuring the energy at
1 = 0.06 mm with lead nitrate, barium Frequency of Azide Explosion
titanate and graphite admixtures are Depending on Crystal Size.
given in Table 2.

Particle size of barium titanate Crystal Frequency of
was 1-5  lead nitrate 1-1 and of size,A( Explosion,,.
graphite 1-10A( . The admixtures were 0.3-1 88
introduced in the reactor while getting 1-3 73
lead azide (the mass was thoroughly 3-7 67
mixed) and the mixture was thee pres-
sed at a pressure of 400 kG/cm

It is obvious from Table 2 that addition of up to 10% of solid inert
admixtures does not have a significant effect on the sensitivity of azide
to electric spark.

Substances which can cover particles of explosive materials (paraffin,
ceresin, wax, castor oil, camphor, etc.) are often taken as flegmatizers while
using explosives. Experiments were conducted to determine the sensitivity
of lead azide containing different amounts of paraffin; these experiments
show that the sensitivity of lead azide to electric spark decreases on adding
paraffin ýFig. 8). Moreover, sensitivity of lead azide to electric spark,
flegmatized by paraffin, decreases on reducing pressure in the same manner
as unflegmatized lead azide. In particular, the energy, required •or 50.
explosions of lead azide with 8% paraffin at a density of 2.8 g/cm , is equal
to 40 ergs and it increases to 200 ergs at a density Jf 2.2 g/cm3 .

TABLE 2
DEPENDENCE OF q ON ADMIXTURES

Admixture Amount of Q, erg Number of
Adm~~ure Admixture .. pcmn

ditr 100% Isolated Specimens
Ch Explosions cases of Tested

_ _ __• Explosions

Lead
nitrate 6.4 50 12 40

Barium
titanate 10.0 70 15 40

Graphite 4.2 60 8 40
Pure lead
azide 60 10 40

(3)



sprThe effect of moisture V• in lead azide on its sensitivity to electric
•;'liisparkwas verified on specimens with electrode-to-electrode distance of

• 0.2 mm when lead az~de with different moisture contents was pressed toa
i•. •density of 2.4 g/cm . Water was added to lead azide by washing it with

S• water and incomplete drying.

ii •iIt is seen from these experiments (Fig. 9) that the energy required
• for triggering lead azide increases on increasing moisture content in it.C -1 !• 1 :' Il !

'+i •;Fig. 4. Dependence of explosion frequency k on energy

S~Q at differen• lead azide densities.
. Density, g/cm : 1-2.7; 2-2.45; 3-2; 4-1.65; 5- 1.1

S, o

i• + , 1 ,+ p +, ,

SFig. 5. Dependence of energy Q Fig. 6. Dependence of energy Q
Son lead azide density (p) in the on distance between electrodes

.,case of 507. explosions, in the case of 507. explosions.

Fig. 7, ['ependence of enersy Q



I.

F ig. 8. Dependence of energy Q Fig. 9. Dependence of energy Q
on the amount of paraffin in lead on moisture content in lead
azide in the case of 50% explosions. azide in the case of 50% explo-

s ions.

The trigger energy at a fixed moisture content in lead azide varies from
experiment to experiment by 20-30 times. It is most probably due to non-
uniform distribution of moisture in lead azide bulk as a result of which
there is differentamount of moisture in different specimens at the spark-over
place (the same is observed in experiments with paraffin).

DISCUSSION OF RESULTS

According to the modern concepts, excitation of explosion in an explo-
sive material leads to the formation of "hot points" and to thermal trigger-
ing. Increase of temperature above self-gtoneprauesth main

cause leading to the beginning of explosive dissociation of an explosive
;material.

The pressed lead azide sparks over in air channels, formed by air gaps
in between lead azide crystals. In tihe case of a sp~rk-over in air, -temp-
arature in tile spark channel can go up to 104-4 x 10'OK [163 . In order to

explode lead azide, it is apparently necessary to heat a layer of spark
channel to self-ignition temperature. As a result, detonation takes place
4s lead azide is not capable of stable combustion and can detonate in
extremely small quantities.

Tile energy required for triggering an explosion in tile same material
under certain fixed conditions is not constcnt. An increase in tile concell-
tration of energy in bulk audJ with• time reduce~s 2]tile total amount of
energy required for triggering an explosive material. In theo case oi spark
discharge, gi8e energy libeoated in the substance during a short interval
of timh of theaorde o f 10p sec. an be localized in a small volnten ( in the
spark channel of the order of a few mecroxs). it should be expof0d that

an explosive material can be ,ipark-triggered by comparatively s9al1 amount
of rntri-. Agruaily , at small clearadces (0.02 c m) and at low density
(u g/cm di triggering of lead azide is observed at an energy of thie order

of t erg.

TAc obtained results can be qualitatively expfined by tplo crude ansup -
tion thaI irediately after spark-over, tsle energy liberated in the spark

(5)



gap is localized in the air channel between crystals. Owing to this energy,
thin layers of crystals, adjoining the spark channel, get heated to ignition
temperature. The larger the volume of spark channel, the more will be the
amount of energy, necessary to be introduced in the channel for getting
the same energy density (or temperature).

If it is assumed that the spark channel is a cylinder of length 1
and cross section s and that the same energy density w in spark channel
is required for triggering lead azide, the total energy required for trig-
gering lead azide is expressed by the formula

Q sw. (2)

It has been experimentally established that sensitivity of lead azide to
electric spark decreases: a) on reducing th" denaity of lead azide; b) an
increasing crystal size; c) on increasing the distance between electrodes;
d) on reducing the temperature of lead azide, and e) on increasing U.
amount of paraffin or water in 1.ead azide.

Presence of up to 10% of solid inert admixtures (lead nitrate, barium
titanate, graphite and others) in lead azide practically has no effect on
the sensitivity of lead azide to spark discharge.

Formula (2) qualitatively confirms the experimental dependences obtained.
Actually, the lower the density of lead azide or the larg r its crystals,
the bigger will be the cross section s of air channels where spark-over
takes place and the more will be the amount of energy Q, required for
triggering, at the same length I of the spark gap. The experimentally
established direct proportionality between energy Q, required for triggering,
and length 1 of the spark (at constant cross section s and energy
density w) also follows from formula (2).

Increase in the sensitivity of lead saide to spark with an increase in
its temperature can be explained by the fact that the *znt of hear, re-
quired for heating a certain lead azide layer to self-tgnition t erature,
depends upon its initial temperature, The energy most decrease on increa-
sing the latter (which agrees with tho exprimental data).

Addition of up to 5-10% inert solid adMiXLures to lead azide dooz not
have a significant effecr on its sensitivity to electric spark 41ince still
there is :ufficient amowtt of lesd azide crystals along spark channel Uhich
are unimpededly heated to self-ignition temperature. Solid itnert admixtures
play a "passive" role -- thoy neither help nor hinder triggering an "xplosion
-- whereas in t4he case oh eýChanical actions, solid refractory admixtures
act as sources of "hot points" and therefore, have a sinificant effdct on
the sensitivity of explosives to mtchanical actions.

It has been established that prosence of moisture in lead aztide or its
ilogmatiuation with paraffin reduces its sensitivity to a spark, In t1W
presence of molsture as wrll ss in the case of its flegratization with
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paraffin, icad azije crystals get covered by an inert film (of paraffin or
water). The higher the percentage of paraffin or moistdre, the thicker will
be the inert film. For triggering lead azide, it is necessary to heat not
only its certain layer to the self-ignition temperature but also the inert
film which requires additional energy. The thicker the inert film, the
more will be the energy required, i.e. sensitivity of lead azide to spark
discharge decreases on increasing the amount of admixtures, capable of
covering the crystals.

As a result of nonuniform distribution of the covering substance
(paraffin, water, etc.) in bulk, various specimens strongly differ (by 20-
30 times) from each other in the amount of energy required for triggering
lead azide.

"The obtained experimental data agree with the thermal mechanism of lead
azide explosion excitation worked out by Soviet scientists.

Received in the Editorial Oftice
on September 23, 1968.
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